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® rnnTn'^'^'l'?.?^^'''"'* membrane of large pore diameter, production procr 

and hydrophilized porous polypropylene hollow fiber membranes. 

© Disclosed is a porous polypropylene hollow fiber membrane of large pore diamr/er I^?/ 
rectangular pores formed by microfibrils that are oriented in the lengthwise direction ^, (t) / 
portions that are composed of stacked lamellae, the pores being contiguous with each rOs/^e/« 
surface to the outer wall surface of the hollow fiber membran to form a stacked, mu'^'^ /)o//ol 
average pore diamet r ranging from great r than 1 um up to 10 urn as measured y^^^ ho,/o^ 
(c) a porosity of 70 to 95%. and (d) an air permeability of not less than 4 x 10^ ' ^'^^r ^^^^ 
fiber membrane can b produc d by m It-spinning polypropylen . ann aling ih 
fiber under specific conditions, and thon cold-stretching and hot-stretching f 
specific conditions. 
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EP 0 498 414 A2 

Background of the Invention 

1. Field of the inve ntion 

This invention relates to porous polypropylene hollow fiber nnembranes having a large pore diameter 
^ ^^^iU20rosity_a^^ ,n fields of application requiring a very high filtering (lux. 

^^^^ as(^ej;e cision filtration and air ciea^^iin g> process for the production of such hollow fiber membranes! 
and hydrophiTized porous poiy&rpjiylerie nollow fiber membranes 

2. Desc>;ption of the Pnor Art 

Porous hollow fiber membranes consisting of polypropylene and having a membrane structure formed 
from stacked rectangular pores are conventionally known, and the details thereof are disclosed, for 
example, in Japanese Patent Laid-Open Nos. 15627 '77 and 2849/*90. It is disclosed in the former that 
porous hollow fiber membranes having characteristic rectangular pores and exhibiting a pore diameter 
distribution curve having at least one maximum within the range of 200 to 1.200 angstroms can be 
^:oduced by melt-spining polypropylene at a spinning temperature of 210 to 270'C and a spinning draft of 
180 to ^600. heat-treating the spun hollow fibers at a temperature of 155' C or below, stretching them by 30 
to 200% at a temperature lov. ^r than nO-C. and heat-treating them again at a temperature ranging from 
20 the aforesaid heat-treating temp?rature to 155-C. It is disclosed in the latter that porous polypropylene 
hollow fiber membranes having a g.oup of rectangular pores whose diameter is within the range of 0.1 to 
1 .0 urn as measured "Dy the bubble point method can be produced by stretching melt-spun polypropylene 
hollow fibers in liquid nitrogen and then at a high temperature (110 to 155 'O. or by stretching melt-spun 
polypropylene hollow fibers at a high temperature (120 to 145 'C) until an amount of stretching of 100 to 
25 700% is attained and then heat-treating them at a temperature of 1 15 to 1 55 ' C. 

Thus, porous hollow fiber membranes consisting of polypropylene and having rectangular pores whose 
average diameter exceeds 1,0 urn have not been available in the prior art. 

Generally, porous membranes are broadly divided into hydrophilic membranes and hydrophobic 
membranes according to the properties of the material. Known examples of hydrophilic porous membranes 
30 include cellulose, cellulose derivatives, polyvinyl alcohol, ethylenevlnyl alcohol copolymers and the like. 
Hydrophilic porous membranes are characterized by the fact that, sirice the pore surfaces thereof are 
hydrophilic. they are easily wetta'jie with water and permit the filtration of aqueous solution without any 
special pretreatment. 

However, hydrophilic membranes: have the disadvantage that, when they are in the wet state, they show 
35 a reduction in mechanical strength arid that they undergo a high degree of swelling with water. [Moreover. 

hydrophilic membranes have the additional disadvantage that, when they are dried from the wet state, they 

are reduced in membrane properties and are liable to deteriorate. 

On the other hand, when hydrophobic porous membranes are used as they are. water cannot easily 

permeate therethrough. Accordingly, a hydrophilizing treafnent is required in order to enable hydrophilic 
40 liquids including water to permeate therethrough. A variety of methods have been studied especially in 

connection with hydrophilization by surface modification of polyolefin membranes. It Is to be noted. 

however, that hydrophilizing methods which have been proposed for film-like materials having smooth 

surfaces cannot be simply applied to the hydrophilization of porous membranes having complex surface 

configurations. 

45 Well-known methods for hydrophilizing porous polyolefin membranes Include the organic solvent 
wetting and water substituting method in which the entire surfaces, inclusive of pore surfaces, of a porous 
polyolefin membrr.ne are subjected to a wetting treatment with an organic solvent having good miscibility 
with water, such as an alcohol and ketone, followed by substitution of water for the organic solvent; the 
physical adsorption method in which a hydrophilic material such as polyethylene glycol or a surfactant is 

50 adsorbed on the surfaces of a porous membrane to impart hydrophilicity to the porous membrane 
(Japanese patent Laid-Open Nos. 153872/79 and 24732/*84); and the chemical surface modification 
methods in which a hydrophilic monomer is held on the surfaces of a porous film and then exposed to 
radiation (Japanese patent Laid-Open No. 38333/'8l) or a porous structure consisting of a hydrophobic resin 
is subjected to a plasma treatment (Japanese Patent Laid-Open No. 157437/'81). 

55 In the organic solvent wetting and water substituting method, however, it is always nec ssary to keep 
water around the porous membrane and. therefore, its handling is Iroublescne. The reason for this is that, 
once water is lost from pores during storage or us , the part having such water-free pores regains 
hydrophobicity and no longer permits the permeation of water therethrough. Although the physical 
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adsorption method is simple m operation, the hydroph.lic materrai may come off while the porous 
membrane is used for a long period of time. Therefore, this method cannot be regarded as a fully 
satisfactory hydrophilizing method, tvloreover. the conventional chemical surface modification methods are 
also disadvantageous. Whether a porous membrane is exposed to radiation or subjected to a plasma 
treatment, it is difficult to hydrophilue the memtDrane uniformly m the direction of its thicl<ness. if it is 
attempted to effect uniform hydrophiiizanon over the entire thickness of a ooroii.s membrane which has a 
large thickness or is in the form ol hollow fibers, the matrix of the porous membrane is unavoidably 
damaged or reduced in mechanical strength. 

It has also been proposed to hydrophili^e a hydrophobic porous membrane by previously treating it 
with a saponification product of an ethylene-vmyl acetate copolymer, i.e.. an ethylene-vinyl alcohol polymer 
(Japanese Patent Laid-Open Nos. 125408 '86 and 271003 '86). 

II has also been proposed to produce hydrophilic porous hollow fiber membranes having hydrophilized 
pore surfaces, by melt spinning a blend of two different polymers, stretching the spun fibers to cleave the 
interfaces between the different polymers, and then subiectmg the resulting microporous hollow fiber 
membranes to an after-treatrr.em sucn as nyoroiys-s or suifonation of the s.de-chain groups present in the 
constituent polymers (Japanese Patent Laid-Open No 137208 '80). 

In addition, there have been proposed porous poiyoief.n membranes having a hydrophilic polymer held 
Qnln-f.o surfaces thereof and a production process thereof (Japanese Patent Laid-Open No 

190602 88). l^ore specif.cai-. th.s oatem provides hydrophilic porous membranes comprising porous 
polyolefin membranes having a -ydrooh.i.c crossi.nked polymer, which is composed of monomers including 
diacetone acrylam.de and a cross.. -.kat^ie monomer, held on at least a part of the pore surfaces thereof 
Such hydrophilic porous memoranej can be produced by holding monomers including diacetone ac- 
rylam.de and a crossiinkabie monomer on at least a part of the pore surfaces of a porous polyolefin 
membrane, and then polymenzmg them oy the application of heat 

However, since all of these methods use a conventional porous polyolefin membrane as the starting 
material, the performance of the resulting hydrophil.zed porous memtjranes is insufficient lor fields of 
application requiring a high permeation flow rate. That is. .n order to obtain a hydrophilized porous 
membrane having a high permeation flow rate, an increase m the pore diameter and porosity of the starting 
hydrophobic porous membrane needs to be considered in combination with hydroph.lization. 

In the fields of precision filtration and air cleaning which require a very high filtering flux, membranes 
and nonwoven fabrics having a pore diameter of the order of microns and a high porosity are being used. 
Porous hollow fiber membranes having rectangular pores are characterized by the lact that, as described in 
Japariese Patent Publication No. 35726. '88. they have high permeability to gases and liquids and they are 
less liable to clogging because of their membrane structure formed from stacked rectangular pores 
However, the performance of such porous hollow fiber membranes having rectangular pores is still 
insufficient lor fields of application requiring a very high filtering flux and a low pressure loss, such . 
bactena-free and dust-free air filters, dust-removing filters for various gases, and sterile water filters. The 
reason for this is that their pore diameter is too small and their porosity is too low for use in such fields. 

On the other hand, hydrophilizing treatment with an alcohol or a surfactant provides only temporary 
hydrophilization. Moreover, if a porous membrane having such a hydrophilizing agent attached thereto is 
used for filtenng or other purposes, the alcohol or surfactant migrates to and contaminates the purified 
water. Accordingly, it is necessary to wash off the hydrophilizing agent thoroughly before use. On this 
occasion, the pore surfaces regain hydrophobicity if the porous membrane is dried. Thus, once the porous 
membrane is hydrophilized. it is necessary to replace the hydrophilizing agent with water and thereby keep 
"5 Its pore surfaces in contact with the water. 

The method described in Japanese Patent Laid-Open No. 38333/'8l can provide permanent 
hydrophilization. because the groups developing hydrophilicity are chemically fixed to the porous mem- 
brane. However, tr.e need of exposure to ionizing radiation requires large-scale equipment, provides rather 
low process stability, and involves a risk of causing damage to the membrane material. Thus, it is difficult to 
50 manage and control the process steps. 

In the method described in Japanese Patent Laid-Open No. 13720a'8C. the hollow fiber membranes 
produced by melt spinning a blend of different polymers and then stretching the spun fibers to make them 
porous generally have a low porosity. Moreov r, this m thod requires an after-treatment lor hydrophilization. 
such as hydrolysis or suifonation. which mak s th proc ss complicated. 

Moreover, even it the technique of Japanese Patent laid-Open No. 38333,'81 is applied to the hollow 
fiber membranes of Japanes Patent Publication No. 3S728/'88. the resulting hydrophilized hollow fiber 
membran s have only a submicron pore diameter. With respect to per diameter, the techniques disclosed 
the hydrophilic composite porous membranes of Japanese Pat nt Laid-Open Nos. 125408^86 and 
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271003/86 never exceed the technical level of the aforementioned Japanese Patent Publication No. 
35726/'88 or the like. In fact, the hollow fiber membranes obtained in the Examples of those patents had an 
average pore diameter of 0.25 to 0.70 urn. 

Furthermore. Japanese Patent Laid-Open No. 190602*88 discloses hydrophilic porous membranes 

5 comphsing porous polyolefin membranes having a hydrophilic crosslinked polymer, which is composed of 
monomers including diacetone acryiamioe and a crosslinkable monomer, held on the pore surfaces thereof. 

However, the performance of these porous membrane having a crosslinked polymer held on the 
surfaces of rectangular pores is still insufficient for fields of application requiring a very high filtering flux 
and a low pressure loss, such as the filtration of aqueous solutions and aqueous suspensions, the 

•r preparation of purified water for use in electronic industry and the like, and the sterilization of raw water for 
use in the manufacture of pharmaceutical preparations. The reason for this is that its pore diameter is too 
small and its porosity is too low for use in such fields. If permanent hydrophilicity could be imparted to a 
porous hollow fiber membrane exhibiting a merribrane structure formed from stacked rectangular pores 
capable of providing excellent filtering efficiency and. moreover, having a la-'oe pore diameter and a high 

'5 porosity, great contributions would be made to frontier industrial fields through achievement of energy 
saving and creation of an ultraclean environment. 

Summary of the Invention 



20 It IS an object of the presttM invention to provide a porous polypropylene hollow fiber membrane which 
exhibits a membrane structure fori.>ed from stacked rectangular pores, has a high porosity and a large pore 
diameter, and can achieve a high ai* permeability. 

It is another object of the present invention to provide porous polypropylene hollow fiber membrane 
which exhibits permanent hydrophilicity and has a high porosity and a large pore diameter. 
25 According to one aspect of the present invention, there is provided a porous polypropylene hollow fiber 
membrane of large pore diameter which consists of polypropylene, the hollow fiber membrane having: 

rectangular pores formed by microfibrils that are oriented in the lengthwise direction of the fiber and 
n portions that are composed of stacked lamellae, the pores being contiguous with each other from 
•ne inner wall surface to the outer wall surface of the hollow-fiber -membrane to form a stacked. 
30 multicellular structure: 

(b) an average pore diameter ranging from greater than 1 um up to 10 um as measured with a mercury 
porosimeier: 

(c) a porosity of 70 to 95%: and 

(d) an air permeability of not less than 4x10^ 1 m^'hf 0.5 atm. 

35 According to another aspect of the present invention, there is provided a process for the production of a 
porous polypropylene hollow fiber membrane of large pore diameter having the above-described properties 
which comprises the steps of meit-spinning polypropylene with a nozzle for forming hollow fibers, annealing 
the resulting unstretched hollow fiber, and then cold-stretching and hot-stretching the annealed hollow fiber 
to make it porous, the process being characterized in that the unstretched hollow fiber is annealed at a 

40 temperature of 120 to 165*C for 30 minutes or more, the deformation rate during hot stretching is not 
greater than 10% per second, and the total amount of stretching is within the range of 700 to 2.500%. 

According to still another aspect of the present invention, there is provided a hydrophilized porous 
polypropylene hollow fiber membrane comprising the above-described porous polypropylene hollow fiber 
membrane of large pore diameter having a saponification product of an ethylene-vinyl acetate copolymer 

45 held on at least a part of the pore surfaces thereof. 

According to a further aspect of the present- invention, there is provided a hydrophilized porous 
polypropylene hoUow fiber membrane comprising the above-described porous polypropylene hollow fiber 
membrane of large pore diameter having a hydrophilic crosslinked polymer held on at least a part of the 
pore surfaces thereof, the hydrophilic crosslinked polymer being formed by puiymerizing monomers 

50 including diacetone acrylamide and a crosslinkable monomer. 

Detailed Description of the Preferred Embodiments 

The polypropylene used in the present invention preferably compris s isotactic polypropylen or 
55 syndiotactic polypropylene. By m It-spinning this polypropylene under specific conditions and then stretch- 
ing the spun hollow fibers und r specific conditions, there are obtained porous hollow fiber membranes in 
which pores having a relatively large diameter are contiguous with each other from the inner wail surfac to 
the outer wall surface of the holt w fiber membranes. * 

4 

TIC - BEST COPY AVAILABLE 



EP 0 498 414 A2 



mealu^r^Zy^''^ "'^'^ '""^ P'^""' Preferably has a me., index (M() of O.l to 10 as 

zi it o3';?8°,r: zzTrv ''''' ^^^'^^^^'^^ '-^^ 

stretch L cnnn . K P°'yP'°Py'ene having a melt index of greater than 10 .s used, it is difficult to 

ZsT n ceo ?an e J^^ ' '^^"^'^-^ ^-"^ ^ '-^e Pore diameter and a h gh 

used If. f . ^ " ^ PP'yprooylene having a melt .ndex of less than 0 1 is 

0 the TT " "° '''' " '° ^'^'^ '^^ PO'yPropyiene stably. I, is an -mportant poin 

stable sp!nn.ng '° " PP'VP^oPy'ene hav,ng a h.gh molecular we.ght w.th.n a range which perrSits 

hollow Tbe'sTorT' ^^°'yP'°«Vle^e as described above .s melt-spun usmg a nozzle for forming 
nonow fibers to produce unstretcned hollow fibers wh.cn are highly oriented and highly crystallized 

^ct^n a'noTJ ofl'"''r'^''^'" " ^^^^ " ^ 3ubsla.7y n 

ubr conTmlLl H t °' construction may also be used. Where a nozzle of double- 

•^e ln.nn'!nn? k^T' "'s'^branes of the present invention stably, it is desirable that 

caU^o a a'tZn '° '50' C higher than the melting po.n. of the polymer. If the spinning fs 

.s iX to melt rTT 'e-Per-ture range, the polymer does not melt completely and 

'0 o nrJlo , H ' ^^'^''0'^''°" °' stability in the Stretching step. On the contrary if the 

noiiow fiber membrane having a lari^i pore diameter and a high porosity 

to 5 00o'^f".hr.r"''*''H' f '"'"'"^ temperature is preferably taken up at a spinning draft of 5 

Lth«!i on . "^'^ ' " ^'""'^^ 5 '«^"'«"9 unstretched hollow Hbers cannot be 

.hi « u- ' " '""'""'"9 °' '^'^ °' 9^««<«' *5 attained, if the spinning draft is less than 5 

h.vJi^ ? unstretched ho.iow fibers are highly oriented ,n the lengthwise di^ction ol the fibers and 

ow firs^T'ett^l 'T^ ''' ' °' ^"-^ '° These "n^retcl d 

strerhino Th '""'''^T ^' ' '«'"P«'ature of 120 to 165-C. preferably 130 to 155-C . prior -o 
.0 Ire «2"J, ^T^" (or annealing, time is 30 minutes o. more. This annealing yields a 

hrwrrra^::^tcrdr5ir"' ^-^^^ ---^^ °' - aceved^n: 

stretchina'foZed hi h«.7?"J '''''"''"^ ""'"'^ ^'=9es consisting of cold 

« cold sLtchin^^^ microcrazes uniformly. Moreover, it is desirable to carry out the 

^rlrp Jh^ '"^"''''"9 'P^^*' "^'"^^ « deformation rate of not less than 40% per 

IZ^Z T!"- ' " ^""""^ * cold-stretching terpperature of SO'C or betow so as to 

destroy the crystal structure without relaxation and thereby produce microcrazes 

abouTsTrsoTs^ttred'r'""'':''''' a'^Pve-described manner until an amount of stretching of 
h r . V • ^'^ hot-Stretched at a temperature within the range of 120 to 165 • C If the 

temperature Is higher than this range, the hollow fiber membrane becorJe transparent ani the 

ZT. ZZt'ifZ " '^"-^•^^'^'^'"^ - .owef ha" : 

m " « deformation rate during hot stretching to not greater than 10% per second If the 

If fhf tnin . f ? °' ''^^♦^'^'"9 range of 700 to 2,500%. 

f the total amouo, of stretching exceeds 2.500%. the hollow fibers are frequently broken during the 

than 700 /. a porous structure is created, but a hollow fiber membrane having a large pore diameter and a 
50 h|gh porosity in accordance with the present invention cannot be obtained. A^ot^lZm 0 Terching of 

stretlLT -nTTtZ T' " ' ^'^'^^''^^ <^'-*"9 the amount of 

35 t^ut: the ''-^ "P'-ov^ » pa,, 

and d'rnTn!!I2««*;rl^"°'' "T* '''^ ' ^"''Stantially stabilized shape as a r suit of th hot stretching. 

thev mTh Z^^^^JT'^ * ''^P ""'"9 P*"""' «~«"re. If desired, however, 

they may b thermally set under constant-length conditions under tension or relaxed conditions in the same 
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temperature range as en^ptoyed for the aoove-descnbed hoi stretching 
descrih«r'°"' "t^er membranes of large pore diameter obtained in the above- 

^ "l^r:^. r.'^. ! ^ P°-tV to ssl. and 



TZTTn '""""^"'"^ rT„crof,bf.ls that are onented .n the lengthwise direction of the 

bars ana ,o,n, pon,ons that are composeo oi stacked lamellae, the pores be.ng contiguous w,th each othe' 

IV^nT' '° "^^ <" -e-brane to form a stac ed 

muu.cellu.ar structure. The m.crof.br.ls have an average length rang.ng from greater than , um up 'o 15 

be oblLmp^r^In "membranes m accordance w.th the present invention can 
to bri*^r« .t. "P°''-'"<=3"o" P'°d"ct of an ethylene-v,ny. aceta.9 copolymer (hereinafter referred 

hoi?ow h! f PP"'""t.on product") on at least a part of the pore surfaces of a porous polypropylene 
•5 00 ous hl"T. ° ''"""^ above-described properties. In the hydrophLe^ 

.5 po ous hollow fiber membrane of the present invention, the saponification product held on the porous 

I.'"^' '"«'"P'3"« as the matrix imparts good hydroph.l.city thereto, without 

^IZ ^ heir desirable properties, i.e.. ,ts large pore diameter, high porosity and sufficiently high 
mechanical strength. Accordingly, the hydrophilized porous hollow fiber membranes of the present invention 
has excellent permeability to av, leous liquids and are especially suitable for high flow velocity treatment 
hol'T' ' "^"^"'^^^^ °' b«'"9 liable to Clogging because the porous polypropylene 

hollow fiber membranes have the at. .ve-descnbed unique membrane structure formed from rectangular 

In the hydrophili«d porous hollow fiber membranes ol the present invention, the term "at least a part of 
rl ''^"'"^ membrane, on which a polymer is held, means a part 

1 ,r w . specifically, the polymer has only to be held on 

the wail surfaces of the pores to such an extent that a sufficient permeation flow rate is obtained when water 
IS allowed to permeate through the pores of the hollow fiber membrane under a commonly employed 
transmembrane pressure difference, .t ,s not always necessary to cover the whole wall surfaces of the pores 
30 TLTan^ "^^'^ '^"^ °" "'^ '"^^"^ °' "'^ P°~"S hollow fiber 

f„, J^® I!"" " "^^'^ P^'y^®' '5 "^'"'y bound or attached to the wall surfaces 

formmg the pores to such a degree as not to come off easily during storage or use. Accordingly, the 

adhln..'''' ''P^^^P '0 •'^e wall surfaces, attached thereto by an anchoring effect, 

adherently crossl.nked so as to enclose the microlibrils and joint portions forming the rectangular pores or 
35 may be present in a combination of these manners of holding ' 

honnT"L"° ""T^' ""^ " °" "'^ ^"''^P«5 'P^'"'"9 '^^^ PP'es Of the starting 

hollow hber membrane can be any o( the above-descnbed manners of holding. However, hydrophilized 
Z Zll "ber membranes in which the polymer is physically held on the wall surfaces (for example. 
kL °' ^ ^'^"^ crosslinkmg) instead of being chemically bonded thereto are especially prefer, ^d 

^0 because they Show nttle deterioration of mechanical strength and little change of the pore structure as 
compared with the starting hollow fiber membrane constituting the matrix 

in the present invention, there may be employed various methods lor holding the saponification product 
on at least a part of the pore surfaces of a porous polypropylene hollow fiber membrane serving as the 
matrix. They include, for example, a method which comprises introducing the saponification product directly 
T K polypropylene hollow fiber membrane and holding it on the pore surfaces, and 

no^« «!V . '"t~d"Cing an ethylene-vinyl acetate copolymer into the pores of the pord?s 

polypropylene hollow f,ber membrane, holding it on the pore surfaces, and then saponifying it 

The ethylene-vinyl acetate copolymer used to form the saponification product can be any of various 
types of copolymers such as random copolymers, block copolymers and graft copolymers. The type of the 
50 saponification product depends on the type of the ethylene-vinyl acetate copolymer used. Although the 
ethylene-vinyl acetate copolymer is basically composed of ethylene and vinyl acetate, other monomer 
components may also be present in such amounts as not to impair the desired properties. 
»HhJ.! T!!"' °' etf'yien -vinyl acetate copolymer is important in that it affects the 
!f« n.I° . I copolymer and its saponification product to polypropylene. From the 

ronl , . °"- °' P^«'««»»'y than 20 mol %. If the 

conten Of ethyl ne units is I ss than 20 mole %. the ethylene-vinyl acetate copolymer or its saponification 

!?. "^""^ °" * P<"«"» polypropylene hollow fiber membrane, fails to 

have good adhesion and tends to come off. On the other hand, if the content of ethylene units Is too high. 
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%. With consideration for ^ nr^ZX:, ? ^^"^ Preferably not greater than 70 mol 

^ ..at the conter^errrr th^a:^^ rar5o~"'"^"- " ~ ^--^ • 

aqueous solln oTan ai a. ,sucn as '"'""^ ''^ ethylene-vinyi acetate copolymer in an 
treatment converts , he ZLTo^" .h"" ' "^'^ saponification 

good hyorophnfc ty ?o .^e e^Zer n o^rr groups and thereby ,mparts 

- hollow fiber membrane ^rZr/r,; ? ° "^^"'^ °' ^^V'^fophilicity to a porous 

sapon.ficat.on oCrss IhanT^^^^^^ "^^ ^ "P^'^'"- « 

compr,ses ntrodu^rg a h^ldT^^^^ "''^'^ "^^^ '^^ ^'"^'^V^'^ ' method which 

'5 hollow fiber memb Se^;2x -^^^ ''P°"'"""°" P^°<^"^' P0^« of the 

the solution: and ,2, a rnethod wh.ch c l'' " ^"^ «^^P°^^«"9 the solvent of 

product .nto the po'e Tfte hotrf.berm^: ' saponification 

the hollow fiber membrane ma^Tn a Tn.T ? other technique, dipping 

solvent and water Usefuf wate^ m. riNl ^^'""^ °' " ""'^"^'^ °' ^ «ater-misc.ble organic 

propanol, isop^pano st p^^cr,^^^^^^^^ ^'^o'^o'^ such as methanol, ethanol. n- 

glycoi. propylene Qlvcol IL nr ^"^ cylohexanol: polyhydric alcohols such as ethylene 

.5 diLthy^^St aLf olamidfet^^^ ^-e«^V"o-am.de. dimethylsu.foxide. 

used atone or in admixTurT «r,!o ^'^'''^^V^""- These water-misciblo organic solvents may be 
preferred because o?7he r no«H T ^""^"^ ^"'^ dimethylsulfox.de are espedally 

Most prefe^bly 111° of ' ^«P°"""^««0" P'o^iuct and their low tox.city 

following reast te sao^^^^^^ -ater-m-scible organic solvent and water is used as the solvem for the 

30 bic and vTnyl ace^^e un^ h^ " °' """^ ^"'^ '^V^'^P^o- 

been conTeI er,o a hir ' 1 acetyl group has 
sapon.f ca; produ^ saponification,. As a result, it is believed thai 'when' the 

nonpolar oolvoroovianl ml, ^ "^'^^ 'y''^'^ ^"'^ ^«sulting solution .s applied to a 

thX^r^'he s?po„.f7caU^^^ oT / 'r?"' '""^ '° ''^ <" "'^ '^suiting 

35 units tend to t^e loc^^^ed in ' T Polypropylene matrix, and polar vinyl acetate 

is derabl^bec use he d es-on'oTri".! V P<"VPropy.ene matrix,. This phenomenon 
improved and moreover the hvdronMv! ''^ Polypropylene constituting the pore surfaces is 

improved Acco7d3y i s ol,Z ? ' " °' '^'^ '^'^ 

.he ho^ng soCn 'because hlTo.^"'^^^'"'^ °' ^"'^ ^" « ''^^ ^o'^«"' 

.0 Phenomenon Thrpropoaon o wa^used TthT:"'/' "'"^ '° ^^""'^ above^escribed 

a^r tr c~: rr -r— ^^^^ -rr pr^^t - .narvrr: 

'-re'~~^^ rCtfo- ^^^^^^^^^^^^ - 

concentration should prefe^abirX the^noeToTr ^n? T"""^ " ''^ 

treatment of the porous polyp opy eTe hollow fJo 1 ° ' or other 

in a single operation or ISS I ?- '"e^brane with the holding solution may be completed 

■>o sapon fSon pr^^^^^^^^ ^'^^^ "^'"^ a holding solution having containing the 

the amoun nf «oo^^^^^ ^ "'^ concentration. II the concentration is greater than 5.0% by weight. 

s p oduct aT edi^ce ' ? f^"^ '"'^""'^ ''^^ ^ssolution of the saponification 

rpratutrrg- g^r:^:rr^^^^^^^ " p-'— - -p-^v a 

mav oreferablv ranna frnm . „ ... '° ^ case of soaking treatment, the soaking time 

noldirig solution held m the pores of the porous polypropylene hollow fiber membrane serving as the 
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r^nirt 'HnUT! ^"^P'^y^^ ^^""^ techn,qoes as vacuum dry.ng and hot air drying. The drying may be 

^^rpioTarmXr 7,3^^: ;ir^ - 

"'^ ""f ^""^ '^^'^^ comprises holding an ethyiene-vmyi acetate copolymer on at least a part of the 
- pore surfaces of a porous polypropylene hollow fiber membrane serving as the matnx and then saponifying 
it v.,11 be more specifically descnbed w„h reference to one illustrative example saponity.ng 
The ethylene-vmyl acetate copolymer can be held on the matrix according to a method similar to the 
oDove-descnbed method (i) or (2) for hoid.ng the saponification product directly on the matrix. The contents 
ot ethylene units and vmyi acetate units m the ethylene-v.nyl acetate copolymer is preferably within the 
r spective ranges descnbed previously. As the solvent for the preparation of a holding solution of the 
e nyiene-vmyl acetate copolymer, there may be used any of the previously described solvents for the 
preparation of a holding solution ol the saponification product, as well as halogenated hydrocarbons 
arorriatic hydrocarbons and the like. Among others, a mixture of water and an organic solvent is preferred 
lor the same reason as described for the saponification product. The concentration of the ethylene-vinyl 
■5 acetate copolymer m the holding solution should preferably be. for example, within the range of 1.0 to 5 0% 
by weight. The soaking, coating or other treatment for holding the ethylene-vmyl acetate copolymer may be 
cornpieted .n a smgie operation, or carried out in several steps by using a holding solution having a 
leiative ly low concentration. However, where Ihis treatment is to be completed in a single operation the use 
Of a holding solution having a c-ncentration of less than 1.0% by weight is undesirable because sufficient 
?o hydrophilicity cannot be obtained cter the saponification treatment. If the concentration is greater than 5 0% 
by weight, the ethylene-vinyl aceta;^ copolymer tends to reduce the pore diameter of the poro-js 
polypropylene hollow fiber membrane serving as the matrix and detract from the liquid permeation 
performance thereof. ^-oimoouon 

After the ethylene-vinyl acetate copolymer is held on the hollow fiber membrane in the above-described 
" TT^':-. '"^'"''^ane IS subiected to a saponification treatment for the production of a 

hydrophilued porous hollow fiber membrane m accordance with the present invention. This saponification 
treatment can be earned out. for example, by heating the hollow fiber membrane having the ethylene-vinyl 
acetate copolymer held thereon m an aqueous solution of an alkali (such as sodium hydroxide) for a 
sufficient period of time. 

30 When the saponification product is held on the pore surfaces of the porous polypropylene hollow fiber 
rriembrane serving as the matrix according to the above-descnbed various methods, care should be taken 
that the saponification product is distributed over the pore surfaces of the hollow fiber membrane as evenly 
as possible. Moreover, the amount of saponification product held should preferably be minimized so that the 
hollow fiber membrane may not suffer from a substantial reduction in pore diameter or plugging 

35 Another type of hydrophilized porous polypropylene hollow liber membranes in accordance with the 
present invention comprise the above-descnbed porous polypropylene hollow fiber membranes of large 
pore diameter having a hydrophilic crosslinked polymer, which is formed by polymerizing monomers 
including diacetone acrylamide and a crosslinkable monomer, held on at least a part ol the pore surfaces 
tnereoi. 

■'0 In these hydrophilized porous polypropylene hollow fiber membranes, a hydrophilic crosslinked polymer 
composed of monomers including diacetone acrylamide and a crosslinkable monomer is held on the wall 
surfaces of the pores of a porous polypropylene hollow fiber membrane having a large pore diameter and a 
high porosity. This polymer has been selected with the following reasons. Compared with other polymers. 
1) this polymer can adhere firmly to polypropylene: (2) it can be almost uniformly held over substantially 

^5 the entire wall suriaces of the pores of a porous polypropylene hollow fiber membrane: (3) it has a suitable 
degree of hydrophilicity: and (4) it is substantially insoluble in water. 

The term "hydrophilic crosslinked polymer formed by polymerizing monomers Including diacetone 
acrylam.de and a crosslinkable monomer" as used herein means a crosslinked polymer derived from a 

s« r^Zir' h"'? "'^'^"^ <=" '^'^"•O"* acrylamide as a monomer 

hi f Tl ^°"«'"*"g a crosslinkable monomer. In addition to them, a non-crosslinkable monomer 
may be contained therein as a monomer component. 

The crosslinkable monomer is a monomer which contains two or more polymerizable unsaturated bonds 
such as vinyl and allyl bonds that are copolymerizable with diacetone acrylamide. or a monomer which 
contains one polymerizable unsaturated bond as described above and at least one functional group capable 
nlln " ^"""P'^' ^ condensation reaction. And. as such monomers, ones have a 

good solvent m common with diacetone acrylamide. Examples of such monomers include N.N'- 
methyl nebisacrytamide. N-hydroxym thyi(meth)acrylamide. trialiyi cyanurate. triallyl isocyanurat . divinyl- 
benzen . 2.2-bis(4-methacryloyloxypolyethoxyphenyl)propan . ethylene di(meth)acrylate. poly thyleneglycol 

8 . .. 
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TtllT^''"''" ''"'"«'"'='='y'^'«- Pentaerythhtol .etra(meth>acrylate. trimethyiolethane 

5 su J« vTnrir^lM " ' ^^'^^ ""'^'"^ polymenzable unsaturated bona 

common 7^ H ^ " '^°°°'y'"er,2able w„h diacetone acrylam.de. and has a good solvent in 

roZe :Z!^ZT^J^''T''- °' ^"'^'^ ' '"^'"'^^ dimethy.acry.amide. w n py - 

oi?e suJ^«;h '^y<^'°''y«"'y' -ethacrylate. styrenesulfonic acid, sodium styrenesul- 

ronate sodium sultoethylmethacryiate. v.nyipyndlne and vinyl methyl ether 

o acrylamTe'rhl?naL'h! 'T"'"""""'''''^ ^on^biantion with diacetone 

acryiam de w.ii hereinafter be referred to coiiect.vely as "copolymerizable monomers". 

tion trmTridrtrhr^rV' crosslinkable monomer which in combina- 

To 3T0 TooTZ T ""'"T ^^^^^""'^^''•e '"0"0'"er is preferably used in an amount 

d ac^c e acJvlamiL 'a:"' '""^'"^ ° = '° «° ''''' '0° P^'ts by weight of 

5 u ed n a^';:noTo3 .rfi'n '"'V"''"""" °' "P<"V-e-able monomers, they are preferably 

z:^^:^::.::^^;::^:''" "'^'^^^'"^ '° -'^m. per ,00 part: 

polyproS^reTo'llowtr- T""'' °" ^ ^''^ °' '"^^ '^'^^^^ PO'^^ of porous 

) invokes nriskToTull ,r ! " ""'"^^""^ ""'^ * °' -ater and 

St S ano ,s comoonrn,, ; ''^^ «^^«"^=9e that it has good 

be Imbrane o^The 0!^ ^ ' '^""'^'"^'V- hydrophilized porous hollow 

noer membrane of the present .nvtnt.on are useful in the fields of water treatment and blood treatment in 

acra.Tdrooijrhr'^"' °' ^^^^ -^^--^ ^ p-"-- ~ TZZni 

w?« ?n P°'y"^^^^^^'"9 no crosslinked structure swells in water and plugs the pores It also dissolves in 
. water to produce dissolved components, albeit in small amounts. Thus, porous hoL fiber mrmbranes 

thl lT^ °1 ^iT"' ^°"ow «ber membrane. If the amount of po^^mer heTd is Ss 

mrm^ane "nihromer Td' " " 'T"'"^ '""'"^ hydrophihcity to the'porous hoL iS 

ranTe me hydrooniScitv ^f l'^'" °' '^^'^ " ^'^^ter than the above-described 

p"r;ri:r lt: t^s;r^; °' - - weig^. r-t 

wall \ZZ oMhr^oreT Of 'V'^'^^^^ ^^^'^ ^^^-P^"'*: <=rosslinKed polymer on at least a part of 
wail surtaces of the pores of the porous polypropylene hollow fiber membranes. By way of examole a 

mrtflLT^^^^^^^^ ^"^'^'^''^^ above-described cUli^abrmon! 

sorent such ran oro^^^^^ T"'""^' "rrionomers") and a polymerization initiator in a suitable 

olu^n of the m^^^^^^ " ''"'''"^ '^^"^'^ memtrane is impregnated with the 

membranl l ' '"^ ''"^'"^ membrane in the solution, or by fabricating a 

pr ssure into the starting hollow f.b r membran . Thereafter, the solvent is removed bv evaooration Bv 
using asolut-on prepared by diluting the monomers with a solvent, the monomers ca^ be a3Sm^y 

oLn. r''"' °' -'^0"t plugging the porS ofThe 

porous hollow fiber membrane. The amount of monomers deposited can b controHol bv vagina Z 
concantra^ons of m monomers In the soh^tion and the time spend for impregnatirrme so.^^^^^^^^ " 
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After the monomers are held on at least a part of the wall surfaces forming the pores of the starting 
hollow fiber membrane m the above-describeo manner, the solvent is removed and the monomers are then 
polymerized. Thus, there is obtained a hydrophilic crosslinked polymer held on at least a part of the wall 
surfaces of the pores of the porous polypropylene hollow fiber membrane. 
5 The solvent used for the preparation of the above-described solution can be water or an organic solvent 
which has a boiling point lower than those of the monomers and can dissolve the monomers. Where a 
polymenzation initiator .s added, a is preferable to use a solvent which can also dissolve the polymerization 
initiator. Such organic solvents include, for example, alcohols such as methanol, ethanol, propanol and 
^sopropanot: ketones sucn as acetone, methyl ethyl ketone and methyl tsobutyl ketone: ethers such as 
:o tetrahydrofuran and dioxane: ana ethyl acetate. Although no particular limitation is placed on the boiling 
point of the organic solvent, it is preferably lOO'C or below and more preferably 80-C or below because 
such a boiling point facilitates the removal of the solvent prior to the polymerization step. 

Since the surface of a porous polypropylene hollow fiber membrane is hydrophobic, the penetration of 
an aqueous solution containing the monomers into the pores tends to cause the monomers to be adsorbed 
'5 on the pore surfaces with their hydrophilic groups oriented outward, especially where water is used as the 
solvent. Thus, if the monomers are fixed in this state by polymenzation. it is possible to impart 
hydrophilicjty to the porous hollow fiber membrane very efficiently. Where water is used as the solvent, the 
porous hollow fiber membrane may be directly brought into contact with the solution. Alternatively, they 
may also be brought into cctact with the solution after the wall surfaces of the pores thereof have been 
20 subjected to a wetting treatmei.: with an alcohol or ketone in advance. 

In contrast, the use of an o.jamc solvent as the solvent has the advantage that the solution can 
penetrate into the pores of the startii.g hollow fiber membrane .n a short period of time and the solvent can 
be easily removed from the pores. 

Even If the monomers are polymerized on the pores surfaces in a randomly oriented state without 
25 making use of the above-described oriented adsorption, the resulting hydrophilic crosslinked polymer has a 
higher degree of hydrophilicity than polypropylene. Accordingly, the pore surfaces having the polymer held 
thereon is relatively hydrophilic. as compared with the pore surfaces having no polymer held thereon. Thus, 
there can be obtained a porous polypropylene hollow fiber membrane having hydrophilicity imparted' 
thereto. 

30 The need for a polymerization initiator depends on the polymerization technique employed. A poly- 
merization .niiiator is used in thermal polymerization and photopolymerization. but no polymerization initiator 
IS needed lor radiation polymerization. 

In the case of thermal polymenzation. there may be used various peroxides, azo compounds and redox 
initiators which are known as radical polymerization initiators. Examples thereof include azo compounds 
^"'i^ " 2.2--azobisisobutyronitrile. 2.2'-azobiscyclopropylpropionitrile 2.2'-azobis-2.4-dimethylvaleronitril and 
2.2 ■a20bis-2.3.3-lrimethylbutyronitrile: peroxides such as acetyl peroxide, propionyl peroxide, butyryl perox- 
ide, isobuiyryi peroxide, succinyl peroxide, benzoyl peroxide, benzoylisobutyryl peroxide, ^-allylox- 
ypropionyl peroxide, hexanoyi peroxide. 3-bromobenzoyl peroxide and bis<4-tert-butylcyclohexyl) perox- 
ydicarbonate; and persulfates such as potassium persulfate and ammonium persuKate. 
^0 Especially where water is used as the solvent, water-soluble polymerization initiators such as as- 
obisisobutyramidine and 4.4*-azobis.4-cyanopentanoic acid are preferred. However, the above-described 
water-insoluble polymerization initiator may also be used because they can be dispersed in Water owing to 
the surface activity of the monomers themselves. 

In the case of photopolymerization, there can be used polymerization initiators such as benzophenone, 
benzoin methyl ether, benzyl dimethyl ketal. fluororenone. 4-bromobenzophenone. 4.chlorobenzophenone. 
methyl 0-benzoylbenzoate. benzoyl peroxide, anthraquinone. biacetyl and uranyl nitrate. These polymeriza- 
tion initiators may be suitably used in combination. 

The proportions of the monomers and the solvent in the solution may be suitably determined with 
consideration for the type of the solvent, the desired amount of polymer held, and other factors. The solvent 
so IS preferably used in an amount of 50 to 10.000 parts by weight, more preferably 200 to 5.000 parts by 
weight, per 100 parts by weight of the monomers. 

The polymerization initiator is preferably used In an amount of 0.001 to 100 parts by weight, more 
preferably 0.01 to 30 parts by weight, and most preferably 0.1 to 20 parts by weight, per 100 parts by 
weight of the monom rs. 

55 If the amount of solvent used is greater than the above-described range relativ to th monomers, the 
amount of monomers held on the wall surfac s of the por s of the porous hollow fiber m mbrane is so 
small that a suffici nt amount of polym r cannot be held thereon. If th amount of solvent used is less than 
the above-described range, it is difficult to control the amount of polymer held. Moreover, th amount of 
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p°Jggeo. '^'^ °" ""^ """" "^^ ^° »^^' P°'«s may be 

the 1*ZTJT!!^ ""^^ suDieoed lo a soakmg or penetration treatment by using 

mL.es '"'""^ °' penetration t.me may range trom about 0.5 second to about 3? 

To uln .7 1 ? completed .n a shorter period o( t.me as the wetting properties of the 

solution (or the starting hollow fiber membrane becomes better. 

^>,Jr^l polymerization ,n,t,aior are held on at least a part of the wall 

sunaces of the pores of the porous polypropylene hollow fiber membrane in the above-descnbed manner 
r,no?=r' °' '^as 'emoved and. .( desired, the solvent present within the pores is removed by 
evaporation. . hen. the hollow fiber membrane is transferred to a polymerization step 

oan IiivlL^irT"'"? '"^'^ P' 'S excessively high, the polymerization proceeds 

me olus o ' '.t'"' P-^'V^^-^t'O" 'akes place m the interior of the pores of 

Plugged. With consideration for this problem. ., ,s preferable to remove the solvent at a temperature of 10 to 

•^mJrov^°v^^.n"V''. ''be' -embrane of the present invention, there may 

pZZTzatZ.LT.r'"'°" P°'v-e""tion. photopolymer.zation. radiation 

polymerization and plasma polymerization. 

d«rlmnn!?".''°"'"'^"""''" Po'v^^erization temperature should be equal to or higner than the 
nn^Z •^"'Pe'ature of t-.' above-descnbed polymerization initiator. (Moreover, it is desirable that the 
po ymensation temperature .s ne^-^er so high as to change the membrane structure of the poroul 

the r'''""' °' '° • C can be used. Although the heating time depends on the type of 

TreferablTZ ^5r''T?".V'' ''"'"^ «e-Pera.ure. .t generally ranges from , minute to 5 hours and 
r7ZTj I ° ^ ^ ''^'^^ ^ process, the polymerization can be 

ZTLn^J ' ! °' *5 Accordingly, the heating 

time generally ranges from to seconds to 60 minutes and preferably from 20 seconds to 10 minutes 

Of la^T^a^ZT- °' "'"'^ "9ht for irradiation. As the source 

lamo xen?n l mo ' 'ow-pressure mercury vapor lamp, high-pressure mercury vapor^ 

lamp, xenon lamp, arc lamp or the like. 

rr.JZ^^"'^^^. "^"^'^ ^ '^'"P ^5 "9ht source, the following light irradiation 

iT^ir "^'"^ '^'"P ^" '"P"' 'P 300 W.cm. tJe porous hoH^ 

S 5 « Trinlr H "t^ ^ '^'''^'^ °' '° '° '^^"^ '""^ '^'"P ^""^ *^^^^'ated therewith for a period of 

jo!le°cm° '° °' ° '° '° ioules/cmJ and preferably 0.05 to l 

^IT^^^T " '° '<=''*«^« ^ sufficient degree of hydrophilization. On 

orlv^nl holn' "'^'"^ considerable damage to the porous poly- 

propylene hollow fiber membrane. Accordingly, it is desirable to choose suitable light irradiation condiSons 
carefully w.th consideration for the membrane thickness and other (actors 

Ural^'^^LTT^^T' out. (or example, by using an electron-ray 
r,^! T ?^ '""'^"'^ "''^^ membrane with electron rays to a dose of 10 to 50 

Mrads at a temperature of 1 20 • C or below and preferably 100 • C or below 

inhib!ted^^"j;iT"! T ^"""9 polymerization, the polymerization reaction is significantly 

inhitated. Accordingly. ,t ,s desirable to carry out the polymerization in a substantially oxygen-free state, (or 
example, in an atmosphere of an inert gas such as nitrogen or in vacuo 

with'".h«"!!l?J''^ hydrophilic crossiinked polymer, the crosslinking reaction may be effected concurrently 
cll^wLTT TJ^'^^''''- ^"«'"*«^«'y- " '"ay be effected subsequent to the formation o( a 
copolymer The crosslinking reaction, when It depends on condensation, may be effected by utilizing the 
heat o( polymerization reaction or by additionally heating the polymerization system 
.H..,^Tl ^^.""'^^""''""-^Jepenaent crosslinking reaction is used, the crosslinking reaction may be 
Jr^T^u^l tl'ssolving a previously prepared uncrosslinked copolymer of diacetone acrylamide and a 
rrfafr, Tih?"'''""' * ' °' copolymer and th monomer on the wall 

cnnnivl, L?. f P°'yP'PPy'«"« membrane, and then subj cting the 

copolyr^er to a crosslinking reaction in that state. In this cas . the uncrosslinked copolymer preferably has a 
molecular weight of 10.000 to 500.000. If its molecular weight is too high, i, is difficult to mie the 
copolymer penetrate into th pores of the porous polypropylen hollow fiber membrane. Therefore, use of 
M(S» ti'MO^MT ""desirable. IVIore preferably, the molecular weight is within th range of 
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Z '^•=•^"'^"65 can be employed as descr.b a above. However, it is most preferable to effect 

ermTrnr^rf: °' ^""^^^ °' '^^^ ^^'^ use'of ^elal energ; 

5 uniZl, " ? °' "° '"'^^^ '° ^« °-«"'y- 'he monomers can be 

. rj nn° °" '"^^"^ °" '^"^^^^ ^«'<^- ■T'^^^"^-' PO'ymerization also has 

ZZ TJLTTV temperature Is properly determined the polymerization 

c tras. mTusrI?? °' "° ^'""^'"^ °^ deterioration of the membrane matrix. In 

rnrHl', 1 ^"^'^^ ""^ disadvantage that light cannot fully reach the inner part of the 

■n ZlrL ^T"""^ membrane due to scattering of the light and that the deterioration of the 

eneTov aiL"'h'Jr.h! J"!!^^^'^^ ^' ^^^^er .rrad.ation intensities of the light. Moreover, the use of radiation 
inn^l T T '^'^^'^^^"♦age that the membrane matrix is liable to accelerated deterioration. Accord- 
Z ;Ihv° ! polymerization techniques are employed, it is necessary to carefully choose polymeriza- 
tion conditions which do not deteriorate the membrane matrix P y eiza 

-5 hollot^SLT/rrnT^'" °' uncrosslinked copolymer held on the wall surfaces of the pores of the starting 
nil 5!. . P°'y'"®"'«^":'°«.inked or crosslinked in situ according to any of the above-described 
r^JZTT ^' ^ part of the wall surfaces of the pores of the pores hollow fiber 

membrane are covered with the resulting polymer 

After the hydrophilic crosslinked polymer is formed, it is desirable to remove unnecessary materials 
(sucn as ""reacted monoi, ers and free polymer) remaining around the wall surfaces of the pores of the 
20 porous hollow fiber membrane by a soaking or penetration treatment with a suitable solvent. As the solvent 
water, an organic solvent or a ml^•ur9 thereof may be used alone or in combination. 

The hydrophilized porous hoiiow fiber membrane of the present invention can be produced in the 
above-descnbed manner. A particularly preferred process comprises holding monomers (including dia- 
cetone acrylamide and a water-soluble crosslinkable monomer) and a polymerization initiator on at least a 
?5 part of the wall surfaces of the pores of a porous polypropylene hollow fiber membrane, and then 
poiymenzing the monomers by the application of heat. 

If a water-soluble copolymenzable monomer is used as a copoiymerizable monomer, the swelling of the 
resulting polymer m water is Suppressed, so that the amount of dissolving-out components can be 
,„ ITl^^T. rl ^' "'^ detereoration of hydrophilicity of the resulting hydrophilized 

30 porous hollow fiber membrane due to the usage of copoiymerizable monomer is prevented, so that the 
resu ting hydrophilized porous hollow fiber membrane can exhibit excellent water permeation performance. 

I^oreover. hydrophilized porous hollow fiber membrane produced by thermal polymerization have the 
advantage that the polymer is held uniformly in the direction of the thickness of the membrane and the 
membrane matnx is substantially free of damage. 
3S The individual steps have been separately described above. However, it is to be understood that, in 
producing the hydrophilized porous hollow fiber membranes of the present invention, various steps such as 
holding of the monomers on the wall surfaces of the pores of a porous polypropylene hollow fiber 
membrane removal of the solvent, polymerization, and washing after polymerization can be carried out in a 
substantially continuous manner. 
4C The present invention will be more specifically explained with reference to the following examples. In 
these examples, measurements were made according to the methods described below. 

I. Evaluation of hollow fibers 
js (1) Air permeability: 

Fifty porou' hollow fibers were bundled in a U-shape and their open end portions were fastened with a 
urethane resin to fabricate a module. The length of the portions embedded in the resin was 2.5 cm and the 
,„ ^ °' 0.5 atmosphere was applied to the inside 

50 of he hollow fibers of the module at a temperature of 25 • C. and the amount of air that escaped through the 
walls of the hollow fibers was determined. The membrane area was calculated on the basis of the inner 
diameter of the hollow fibers. 



ss 



(2) Elastic recovery factor: 

Using a Mod I UTM-II Tensilon manufactured by Toyo Bowldwin Co.. measurem nts w re made at a 
fiber length of 2 crii and a testing rate of 1 cm per minute, then, the elastic recovery factor was determined 
accoromg to the following equation. 
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Fiber length when 
Fiber length the load was 

when stretched - returned to zero 
50% after stretching 

by 50% 

recovery = _ 1_ ^ ioo(%) 

factor Fiber length Fiber length 

when stretched - before 
t>y 50% stretching 



Elastic 



(3) Average length of microfibrils: 

The average length of microfibrils was determined from an electron photomicrograph. 
2. Evaluation of hydrophilized porous hollow fibers 

-Water permiatlon press, re", "water permeability after hydrophilized by using alcohol" and "water 
permeability after holding a pdvmer" were measured accoridng to the follov^ing methods, using test 
membrane modules each having ai. effective membrane area of 163 cm'. The solubilities in water at 30*0 
of N-hydroxymethylacrylamide. N.N'-methylene bisacrylamide and triallyl isocyanurate. which were used in 
the following examples, were 197 g dl. 3 g di and O.l g-dl. respectively. 

(1) Water permiatlon pressure: 

Water at 25'C was fed from one side (the inside of hollow fibers in the case of a hollow fiber 
membrane) of a test membrane module while the water pressure was raised at a rate of 0.1 kg/cmJ per 
minute, Thus, water pressures were separately measured when the cumulative amount of penetrated water 
reached 30 ml and 50 ml. These data were plotted with the water pressures as abscissa and the amount of 
penetrated water as ordinate, and a straight line connecting these two points was drawn. The pressure at 
which this straight line intersected the abscissa axis was determined and regarded as the water penetration 
pressure. 

(2) Water permeability after hydrophilized by using alcohol: 

From one side (the inside of hollow fibers in the case of a hollow fiber membrane) of a test membrane 
module which had not been subjected to any hydrophilizing treatment, ethanol was fed under pressure at a 
flow rate of 25 ml/mm tor 15 minutes to wet the porous membrane fully with ethanol to the interior of Its 
pores. Thereafter, water was made to flow at a flow rate of 100 ml/min for 15 minutes, so that the ethanol 
present m the pores was replaced by water. Then, water at 25' C was made to flow on one side (the inside 
of hollow fibers in the case of a hollow fiber membrane) of the test membrane module and the amount of 
permeated water was measured at a transmembrane pressure difference of 50 mmHg. The water 
permeability (in l/m»'hr*mmHg) was determined from the measured amount of permeated water in terms of 
unit time. 

(3) Amount of po'ymer held: 

The nitrogen content was determined by elemental analysis. On the assumption that the nitrogen was 
denved solely from the polymer and the composition of the polymer was the same as the monomer 
composition, the amount of hydrophilic crosslinked polymer held per unit weight of the porous poly- 
propylene hollow fiber membrane was determined in terms of weight percentage. 

(4) Evaluation of the state of coverage of pore surfaces: 

A porous hollow fiber was soaked lor i minute in a standard solution (blue) for wetting tests as 
described in JIS K8788(197l). which solution has a surface tension of 54 dyn /cm. Aft r th hollow fiber 
was air-dried. a cross-section thereof was observed under an optical microscope to examine th state of 
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TIC ^ BEST COPY KVAZluKB 



I 



EP 0 498 414 A2 

distribution of the colored polymer. 

(5) Cumulative dissolution; 

5 A porous hollow fiber was soaked m warm water at 65 'C. whose amount was equal to 10 times th 
weight of the hollow fiber. Then, the total organic carbon content of the warm water was measured at 
regular intervals. On the assumption that this total organic carbon content was derived solely from the 
hydropnilic crosslinkeo polymer having the composition assumed in the above test (3), the cumulative 
dissolution (tn wt.%) was determined relative to the amount of polymer held before the dissolving-out 

0 treatment. 

(6) Water permeability after holding a polymer: 

From one side of (the mside of hollow fibers in the case of a hollow fiber membrane) of a test 
^5 memorane module fabricated with a porous hollow fiber membrane having a polymer held thereon, water 
was fed under a pressure of 2 kg. cm*' for 3 hours. Then, water at 25 * C was made to flow on the one side of 
the test membrane module, and the amount of permeated water was measured at a transmembrane 
pressure difference of 50 mmHg. The water permeability {in l^m^'hr^mrnHg) was determined from the 
measured amount of permc -led water in terms of unit time. 

20 

Example 1 

Using a hollow fiber-forming spinneret having an extruding port diameter of 17.5 mm, an annular slit 
width of 1.5 mm, and a cross-sectional area of extruding port of 0.75 cm^. a polypropylene {U8E POLYPRO 

25 YK121: a product of Ube Industries. Ltd.) having a melt index of 3 was spun at a spinning temperature of- 
200 'C and an extrusion line speed of 9.24 cm min. The spun hollow fiber was taken up at a take-up speed 
of 40 m'min and a spinning draft of 433. The resulting unstretched hollow fiber had an inner diameter of 545 
um and a wall thickness of 72 urn. 

This unstretched hollow fiber was heat-treated with holding it not to change its length at 150*C for 24 

30 hours. The elastic recovery factor of this unstretched hollow fiber was 92.5%. Subsequently, the heat- 
treated hollow fiber was stretched by 40% at room temperature with a deformation rate of 200% per 
second, and then stretched by rollers in a box healed at 155'C with a deformation rate of 2.8% per second 
until a total amount of stretching of 1.100% (I.e.. a total stretching ratio of 12) was attained, thereby 
producing a porous hollow fiber membrane continuously. 

35 The resulting porous polypropylene hollow fiber membrane had been stretched 12-fold relative to the 
unstretched hollow fiber, and it had an inner diameter of 430 um, a wall thickness of 57 um. and a porosity 
of 81%. Its average pore diameter was 1.8 um as measured with a mercury poroslmeter. and its air 
permeability was 190 x 10* l/m^'hr'O.S atm. Observation with a scanning electron microscope revealed that 
there were a countless number of characteristic rectangufar pores and the average length of microfibrils was 

40 4.1 um. 

Examole 2 

Using a hollow fiber-forming spinneret of double-tubular construction having an extruding port diameter 
45 of 17.5 mm. an annular slit width of 1.5 mm. and a cross-sectional area of extruding port of 0.75 cm^. a 
polypropylene (UBE POLYPRO BtOIH: a product of Ube Industries. Ltd.) having a melt index of 0.8 was 
spun at a spinning temperature of 220" C and an extrusion line speed of 9.24 cm/min. The spun hollow fiber 
was taken up at a take-up speed of 20 m/min and a spinning draft of 216. The resulting unstretched hollow 
fiber had an inner diameter of 610 um and a wall thickness of 83 um. 
50 This unstretched hollow fiber was heat-treated with holding it not to change its length at 150'C for 24 
hours. The elastic recovery factor of this unstretched hollow fiber was 91%. Subsequently, the heat-treated 
hollow fiber was stretched by 35% at 40*C with a deformation rate of 200% per second, then stretched by 
rollers in a box heated at 155'C with a deformation rate of 0.5% per second until a total amount of 
stretching of 1.900% was attained, and further thermally set in a box heated at 155'C for 60 seconds. 
55 Ihereoy producing a porous hollow fiber membrane continuously. 

The resulting porous polypropylene hollow fiber membrane had been stretched 20-fold relative to the 
unstretched hollow fiber, and it had an inner diameter of 540 unn. a wall thickness of 73 um. and a porosity 
of 88%. Its average pore diameter was 3.5 um as measured with a mercury porosim ter, and its air 
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permeability was 380 x lO* I m^-hr-0.5 atm. Observation w.th a scanning electron microscope rev aled that 
mere were a countless number of characteristic rectangular pores and the average length of microflbnis was 

5 Comparative Example i 

A hollow f»be. was Spun under the same conditions as employed m Example 1. except that a 
polypropylene (USE POLYPRO YK121: a product of Ube Industnes. Lid.) having a melt index of 3 was 
used. The resulting unstreiched hollow fiber had an mner diameter of 553 am and a wall thickness of 76 

*o am. 

This unstretched hollow fiber was neat-treaied ano stretched under the same conditions as employed in 
Example 2. except that the total amount of stretching was 550%. Thus, a porous hollow fiber membrne was 
produced continuously. However, its average pore diameter was 0.3 am as measured with a mercury 
porosimeter. and never exceeded i 0 am. 



?5 
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Comparative Example 2 



A hollow fiber was spun under the same conditions as employed in Example 1. except that a 
polypropylene (UBE POLYPRC J115G: a product of Ube Industries, Ltd.) having a melt index of 15 was 
used. The resulting unstretched .-ollow fiber had an inner diameter of 580 am and a wall thickness of 78 
am. 



This unstretched hollow fiber was ;.eat-treated and stretched under the same conditions as employed in 
Example 1. except that the total amount of stretching was 600%. The resulting hollow fiber was frequently 
broken during hot stretching and could not be stretched uniformly. 



Example 3 



Using a hollow fiber-formmg spinneret having an extruding port diameter of 17.5 mm. an annular slit 
width of 1.5 mm. and a cross-sectional area of extruding port of 0.75 cm^. a polypropylene (UBE POLYPRO 
YK121: a product of Ube industries. Ltd.) having a melt index of 3 was spun at a spinning temperature of 
200 -C and an extrusion line speed of 9.24 cm min. The spun hollow fiber was taken up at a take-up speed 
of 45 m/min and a spinning draft of 489. The resulting unstretched hollow fiber had an inner diameter of 540 
am and a wall thickness of 72 am. 

This unstretched hollow fiber was heat-treated with holding it not to change its length at 150* C for 24 
hours. The elastic recovery factor of this unstretched hollow fiber was 92.5%. Subsequently, the heat- 
treated hollow fiber was stretched by 40% at room temperature with a deformation rate of 200% per 
second, and then stretched by rollers in a box heated at 1 55 'C with a deformation rate of 2.8% per second 
until a total amount of stretching of 1.100% (i.e.. a total stretching ratio of 12) was attained, thereby 
producing a porous hollow fiber membrane continuously. 

The resulting porous polypropylene hollow fiber membrane had been stretched 12-fold relative to the 
unstretched hollow fiber, and it had an inner diameter of 430 am. a wall thickness of 59 am. and a porosity 
of 80%. Its average pore diameter was 1.7 am as measured with a mercury porosimeter. and its air 
permeability was 105 x 10* l.'m2-hr-0,5 atm. Analysis of its cross section with a scanning electron 
microscope revealed that there were a countless number of characteristic rectangular pores which were 
45 contiguous with each other from the Inner wall surface to the outer wall surface of the hollow fiber 
membrane to form a stacked, multicellular structure, and the average length of microfibrils was 3.7 urn. 

On the other hand, an ethylene-vinyl alcohol copolymer (Soanol E: a saponification product of an 
ethylene-vinyl acetate copolymer: a product of Nippon Synthetic Chemical Industries Co.) having an 
ethylene content of 33 mole % was added to a 75 voi.% aqueous solution of ethanol and dissolved therein 
50 by the application of heat to prepare a 1 wt,% solution thereof. While the temperature of this solution was 
maintained at 50' C. the ' above-described porous polypropylene hollow fiber membrane was placed in the 
solution and allowed to stand for 5 minutes. Thereafter, the hollow fiber membrane was taken out of the 
solution, deprived of the excess solution, and then dried in a hot-air oven at 50* C for 2 hours. 

The resulting hydrophilized porous hollow fib r membrane had a large pore diameter and a high 
55 porosity, and exhibited good hydrophilicity owing to ih saponification product of ethylen -vinyl acetate 
copolynner held thereon. When this porous hollow fiber membrane was soaked in water, it was easily wetted 
with water and exhibited good water permeability without requiring any particular treatment. Fifty s gmenis 
of this porous hollow fiber membrane were bundl d in a U-shape and placed in a housing, and their ends 

15 • - 



TIC - BEST. COPY AVAILABLE 



EP 0 498 414 A2 



JO 



20 



25 



35 



40 



he? endr^ete 00^^^^^ w^^! ^ '''^""^■"5'^' "^^""^^ ^ which 

membrane was Inrt "^^^"'^'"^"'^ "^^^^ "^'"9 '^^ so fabricated, fh hollow fiber 

membrane was found to have a water permeability of 36 I m^-hr-mmHg and exhibit excellent water 
pem,eat.on performance. Furthermore. >he hollow fiber was ai.erna.ely dried and wened ten frJesTJ 
neither reduction .n water permeability nor change m mechanical strength was observed. 

Example 4 

r:>„r!^ ^'^^^'^"^ '^^ dissoiv.ng 3 parts by weight of an ethylene-v.nyl acetate copolymer (in a 
raio 01 in 97 pans by weight of toluene. While this solution was kept at 25'C a porous 

polypropylene hollow fiber memorane obtained m the same manner as described in Example 1 was soaked 
inerein for 30 seconds. Thereafter, the hollow fiber membrane was dried in vacuo at SO'C for 3 hours to 
remove the solvent. i« 

Then, the hollow fiber membrane was placed in an aqueous alkaline solution prepared by dissolving 10 
g of sodium hydroxide m l liter of water, and sub,ected to a saponification treatment at 70-C for 1 hour 
Thereafter, the hollow liber membrane was washed w.th water and dried to obtain a hydrophilized porous 
polypropylene hollow liber membrane. 

A module was fabricateo from fifty segments of this hollow fiber membrane in the same manner as 
described in Example 3. When measurements were made using this module, the hollow fiber membrane 
was found to have a water perme ability of 32 i m-hr-mmHg and exhibit excellent water permeation 
performance. Furthermore, similarly to example 3. the hollow fiber membrane was alternately dried and 
wetted ten times, but neither reduction in water permeability nor change in mechanical strength was 
observed. 

Example 5 



Using a hollow fiber-forming spinneret having an extruding port diameter of 17.5 mm. an annular slit 
,n pSvDon wT' ^""^ ^ cross-sectional area of extruding port of 0.75 cm' . a polypropylene (UBE 
30 POLYPRO YK121: a product ol Ube Industries. Ltd.) having a melt index of 3 was spun at a spinning 
temperature of 2i 5 • C and an extrusion line speed of 9.24 cm min. The spun hollow fiber was taken up at a 
take-up speed of 50 m..min and a spinning draft of 543. The resulting unstretched hollow fiber had an inner 
diameter of 360 urn and a wall thickness ol 65 urn. 

This unstretched hollow fiber was heat-treated with holding it not to change its length at ISO* C for 24 
hours. The ejaslic recovery l^sM of this unstretched hollow fiber was 92^%. [Subsequently the heat- 
treated hollow fiber was stretched by 40% at room temperature with a deformation rate of 200% per 
second, and then stretched by rollers m a box heated at 155 • C with a deformation rate of 2.8% per second-, 
until a total amount of stretching ol 1.000% (i.e.. a total stretching ratio of 11) was attained, thereby 
producing a porous hollow fiber membrane continuously. 

The resutting porous polypropylene hollow fiber membrane had been stretched 11 -fold relative to the 
unstretched hollow fiber, and it had an inner diameter of 300 um. a wall thickness of 57 urn. and a porosity 
of 82%. Its average pore diameter was 1.7 um as measured with a mercury porosimeter. and its air 
permeability was 9S x 10* l/m*-hr-0.5 atm. Observation with a scanning electron microscope revealed that 
there were a countless number of characteristic rectangular pores and the average length of microfibrils was 
45 3.7 um. Its water permeability after hydrophilized by using alcohol was 39 l/m^'hr'mmHg. 

The resulting porous polypropylene hollow fiber membrane having a large pore diameter and a high 
porosity was so? kad for 12 seconds in a treating solution composed of lOO parts of diacetone acrylamide. 5 
pans of N-hydroxymethylacrylamide. i part of benzoyl peroxide, and 1.000 parts of acetone. The hollow 
^ber membrane was taken out of the treating solution and dried in flowing nitrogen for 5 minutes, 
so Subsequently, the hollow fiber membrane was heat-treated at 65-C for 60 minutes in an atmosphere of 
nitrogen and then soaked in a 50:50 solvent mixture of water and ethanol for 10 minutes. Thereafter, the 
hollow fib r membrane was ultrasonically clean d in warm wat r for 2 minutes to wash off unnecessary 
materials, and then dn d in hot air to remove th solvent. Thus, th re was obtained a porous polypropylene 
hollow fiber membrane having a polymer h Id thereon. Th water p rmiation pressure, water p rmeability. 
ss amount of polymer held, and cumulative dissolution of the polymer held on the porous hollow fiber 
membrane were measured, and th results thus obtained are shown in Table 1. 

The water permeation performance of th resulting hydrophilized porous polypropylen hollow fiber 
membrane was excellent. Observation with a scanning electron microscope revealed that the polymer was 
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component dissolved out after 24 hours. 
Examples 6-8 

same 7oZlTTr rV'^'L''^'' °" Polypropylene hollow fiber merribranes under the 

crosLkabr '""P' ''^^ N-hydroxymemylacrylamlde was used as the 

crossiinKabie monomer m the respective amounts shown m Table i 

B^a^TclZTZtT "T"^ '^ydroph.l.zed porous polypropylene hollow fiber membranes was 
evaluated, and the results thus obtained are shown in Table l. 

Example 9 

''°'?"' P°'yP'°Py'«"« «ber membrane obtained in the same manner as described in 

T,T^V: ! r^""^' '^^^ ''^"^ """^^^ '^'"^ conditions as employed in Example 5. except that 

5 oa^o, 5 pT TT' °' "'^^ °' ''^"'""^ = P^^^ °' N.N-.methy.eneb.sacry.am;de 

wrh!.?, '"^ P^^' °' ^"'""^ the hollow fiber membrane 

JL^TIT '"'^ '° ^•^^ Of the resulting hydrophilized porous poly' 
propylene hollow f.ber membrane was evaluated, and the results thus obtained are shown in Table . 

r^niwml ! ^ ^'f"^'^^® ' '^ '"^ hydrophilic crosslinked polymer was observed, it was tour.d that 
polymer was aln,ost uniformly f,ela over substantially the entire wall surfaces of the pores. Moreover, the 
measurements of cumulative dissolution revealed that essentially no component dissolved out after 24 

Example tO 

«mnt''r^"'*c''" "^c ^ ""'""^ polypropylene hollow fiber membrane under the same conditions as 
employed .n Example 5. except that a solution composed of 100 parts of diacetone acrylamide. 1 part of 

fiLr lT"^" P^''^ °' '"^'^y ^"'y' ^« the hollow 

fiber membrane was soaked therein for 3 seconds, and the thermal polyemriration was carried out at 70-C 
lOr ou minutes. 

^v^i^roH"*"* h"!!"*^® °\ '"""'"^ hydrophilized porous polypropylene hollow fiber membrane was 
evaluated, and the results thus obtained are shown in Table 1. When the state of coverage with the 
^nhl?»n, H "7"""'*^ P^'y^'^' ^« ol'served. it was found that polymer was almost uniformly held over 

J^^^^^T . IT •'^^ measurements of cumulative 

dissolution revealed that essentially no component dissolved out after 24 hours 
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Since the porous polypropyl ne holtow fiber m mbran s of the present invention hav a large por 
diameter and a high potosity. they are suitable for use in such applications as precision filtration of liquids 
and air cleaning, and permit the design of very compact modules and syst ms. Moreov r. sine they ar 
produced by a melt spinning process using no solvent, they are v ry clean mat rials and n v r contaminate 
the fluid being filtered. 
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Furthermore, the hydrophilized porous polypropylene hollow fiber menbranes of the present Invention 
have excellent hydrophilicity. exhibit good water permeability without being subjected to a hydrophilizing 
pretreatment with eihanol or the like, and show no substantial reduction in filtration perlormance. In addition, 
the hydrophilic material is firmly held on the pore surfaces, so that the amount of components dissolving 
out of it is very small. Accordingly, the hydrophilized porous polypropylene hollow fiber membranes of the 
present invention can also be used in various field of water treatment including hot water treatment, and 
hence have very high practical value. 



Claims 

1. A porous polypropylene hollow fiber membrane of large pore diameter which consists of polypropylene, 
the hollow fiber membrane having: 

(a) rectangular pores formed by microfibrils that are oriented in the lengthwise direction of the fiber 
and joint portions that are composed of stacked lamellae, the pores being contiguous with each 
other from the inner wall surface to the outer wall surface of the hollow fiber membrane to form a 
stacked, multicellular structure; 

(b) an average pore diameter ranging from greater than 1 um up to 10 um as measured with a 
mercury porosimeter: 

(c) a porosity of 70 t-. 95%: and 

(d) an air permeability .^f not less than 4 x 10^ l/m^*hr*0.5 atm. 

2. A porous polypropylene hollow fiber membrane as claimed in claim l wherein the microfibrils have an 
average length ranging from greater than 1 um up to 15 um. 

25 3. A porous polypropylene hollow fiber membrane as claimed in claim 1 wherein the polypropylene is 
isotactic polypropylene or syndioctactic polypropylene. 

4. A porous polypropylene hollow fiber membrane as claimed 1 wherein the polypropylene has a melt 
index of 0.1 to 10. . 

30 

5. A process for the production of a porous polypropylene hollow fiber membrane of large pore diameter 
which comprises the steps of melt-spinning polypropylene with a nozzle for forming hollow fibers, 
annealing the resulting unstretched hollow fiber, and then cold-stretching and hot-stretching the 
annealed hollow fiber to make it porous, the process being characterized in that the unstretched hollow 

35 fiber is annealed at a temperature of 120 to 165'C for 30 minutes or more, the deformation rate during 
hot stretching is not greater than 10% per second, and the total amount of stretching is within the range 
of 700 to 2.500%. 



6. A process for the production of a porous polypropylene hollow fiber membrane as claimed In claim 5 
40 wherein the melt-spinning temperature is 20 to 150*C higher than the melting point of the poly- 
propylene. 

7. A process for the production of a porous polypropylene hollow fiber membrane as claimed in claim 5 
wherein the melt spinning is carried out at a spinning draft of 5 to 5.000. 

45 

8. A process for the production of a porous polypropylene hollow fiber membrane as claimed in claim 5 
wherein the cold stretching is carried out at a temperature of 80* C or below with a deformation rate of 
not less than 40% per second. 

50 9. A hydrophilized porous polypropylene hollow fiber membrane comprising a porous polypropylene 
hollow fiber membrane of large pore diameter having a saponification product of an ethylene-vinyl 
acetate copolymer held on at least a part of the pore surfaces thereof, the porous polypropylene hollow 
fiber membrane of large pore siz having: 

(a) rectangular pores formed by microfibrils that are oriented in the lengthwis direction of the fiber 
55 and joint portions that are composed of stacked lamellae, the pores being contiguous with each 

other from th inn r wall surface to the outer wall surface of the hollow fiber membrane to form a 
stacked, multicellular suucture: 

(b) an averag pore diam ter ranging from great r than 1 um up to 10 um as measured with a 
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mercury porosimeter; 

(c) a porosity of 70 to 95%: and 

(d) an air permeability of not less than 4 x 10^ l'm^'hr*0.5 atm. 

5 10. A hydrophilized porous polypropylene hollow fiber membrane as claimed in claim 9 wherein the 
saponification product of the ethytene-vinyl acetate copolymer is held physically. 

11. A hydrophilized porous polypropylene hollow fiber membrane as claimed in claim 9 wherein the 
ethylene-vinyi acetate copolymer contains not less than 20 mole % of vinyl acetate units. 

*o 

12. A hydrophilized porous polypropylene hollow fiber membrane as claimed in claim 9 wherein the 
saponification product of the ethyiene-vinyi acetate copolymer is an ethylene-vinyl alcohol copolymer. 

13. A hydrophilized porous polypropylene hollow fiber membrane as claimed in claim 12 wherein the 
/5 ethylene-vinyl alcohol copolymer contains 5 to 60% by weight of ethylene units. 

14. A hydrophilized porous polypropylene hollow fiber membrane comprising a porous polypropylene 
hollow fiber membrane of large pore diameter having a hydrophilic crosslinked polymer held on at least 
a part of the pore sui. tces thereof, the hydrophilic crosslinked polymer being formed by polymerizing 

20 monomers including diav^etone acrylamide and a crosslinkable monomer, the porous polypropylene 
hollow fiber membrane of lai pore size having: 

(a) rectangular pores formed by microfibrils that are oriented in the lengthwise direction of the fiber 
and joint portions that are composed of stacked lamellae, the pores being contiguous with each 
other II om the inner wall surface to the outer wall surface of the hollow liber membrane to form a 

25 stacked, multicellular structure: 

(b) an average pore diameter ranging from greater than 1 am up to 10 urn as measured with a 
mercury porosimeter: 

(c) a porosity of 70 to 95%: and 

(d) an air permeability of not less than 4 x 10* I m- 'hr'O.S atm. 

30 

15. A hydrophilized porous polypropylene hollow fiber membrane as claimed in claim 14 wherein the 
hydrophilic crosslinked polymer is held physically. 

16. A hydrophilized porous polypropylene hollow fiber membrane as claimed in claim 14 wherein the 
35 proportions of the monomers are such that copolymerizable monomers including the crosslinkable 

monomer are used in an amount of 0.3 to 110 parts by weight per 100 parts by weight of dlacetone 
acrylamide. 

17. A hydrophilized porous polypropylene hollow fiber membrane as claimed in claim 14 wherein the 
40 crosslinkable monomer is a water-soluble crosslinkable monomer. 

18. A hydrophilized porous polypropylene hollow fiber membrane as claimed in claim 14 wherein the 
hydrophilic crosslinked polymer is held in an amount of 0.5 to 100% by weight based on the porous 
polypropylene hollow fiber of large pore size. 

45 
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